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Abstract 



: 



A method of manufacturing a barrier metal layer uses atomic layer deposition (ALD) as the 
mechanism for depositing the barrier metal. The method includes supplying a first source gas 
onto the entire surface of a semiconductor substrate in the form of a pulse, and supplying a 
second source gas, which reacts with the first source gas, onto the entire surface of the 
semiconductor substrate in the form of a pulse. In a first embodiment, the pulses overlap in time 
so that the second source gas reacts with part of the first source gas physically adsorbed at the 
surface of the semiconductor substrate to thereby form part of the barrier metal layer by 
chemical vapor deposition whereas another part of the second source gas reacts with the first 
source gas chemically adsorbed at the surface of the semiconductor substrate to thereby form 
part of the barrier metal layer by atomic layer deposition. Thus, the deposition rate is greater 
than if the barrier metal layer were only formed by ALD. In the second embodiment, an impurity- 
removing gas is used to remove impurities in the barrier metal layer. Thus, even if the gas 
supply scheme is set up to only use ALD in creating the barrier metal layer, the deposition rate 
can be increased without the usual accompanying increase in the impurity content of the barrier 
metal layer 
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Summary. 



(57) [Abstract] 

[Technical problem] The manufacture method of a barrier-metal film of having 
used the atomic-layer vacuum evaporationo method is offered. 
[Means for Solution] It is A2 time from A1 point in time to the whole surface of the 
semiconductor substrate by which loading was carried out to the chamber of 
atomic-layer vacuum evaporationo equipment. A4 time carries out the pulsing of 
the stage which carries out the pulsing of the 1st source gas, and the 
aforementioned 1st source gas and the 2nd source gas which reacts from A3 
point in time all over the aforementioned semiconductor substrate, and although 
the stage which forms the barrier-metal film of predetermined thickness is 
included, A3 is characterized by it being later than A1 or being the same, and 
being earlier than A2 or being the same. 
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CLAIMS 



THIS 



[Claim(s)] 

[Claim 1] It is the manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method characterized by A3 being later than 
A1 although it is ** characterized by providing the following, or it being the same, 
and being earlier than A2 or being the same, (a) The stage where A2 time carries 
out the pulsing of the 1st source gas from A1 point in time all over the 
semiconductor substrate by which loading was carried out to the chamber of 
atomic-layer vacuum evaporationo equipment, (b) The stage which A4 time 
carries out the pulsing of the aforementioned 1st source gas and the 2nd source 
gas which reacts from A3 point in time all over the aforementioned 
semiconductor substrate, and forms the barrier-metal film of predetermined 
thickness. 

[Claim 2] The above A4 is the manufacture method of a barrier-metal film of 
having used the atomic-layer vacuum evaporationo method according to claim 1 
characterized by being later than A2 or being the same. 
[Claim 3] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 1 characterized by 
it being earlier than A1 all over the aforementioned semiconductor substrate, or 
passing purge gas from from when the same. 

[Claim 4] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 1 characterized by 
it being later [ than A1 ] earlier than A3 all over the aforementioned 
semiconductor substrate, or passing purge gas from from when the same. 
[Claim 5] For the aforementioned 2nd source gas, the aforementioned 1st source 
gas is the manufacture method of a barrier-metal film of having used the atomic- 
layer vacuum evaporationo method according to claim 1 characterized by 
including nitrogen, including a halogen group element and the metallic element of 
a high-melting point. 

[Claim 6] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 1 characterized by 
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including further the stage of passing purge gas all over the predetermined-time 
(c1) aforementioned semiconductor substrate after the (aforementioned b) stage. 
[Claim 7] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporation© method according to claim 6 which makes 1 
cycle a gas supply scheme including the above (a) and the (b) stage, and a stage 
(c1), and is characterized by repeating the aforementioned cycle in order to form 
a barrier-metal film in desired thickness. 

[Claim 8] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 1 characterized by 
including further the stage which carries out the pulsing of the impurity removal 
gas, passing purge gas all over the aforementioned semiconductor substrate in 
order to remove the impurity enclosed in the barrier-metal film of the 
aforementioned (c2) predetermined thickness after the (aforementioned b) stage. 
[Claim 9] The aforementioned impurity removal gas is the manufacture method of 
a barrier-metal film of having used the atomic-layer vacuum evaporationo method 
according to claim 8 characterized by being NH3 gas. 
[Claim 10] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 8 which makes 1 
cycle a gas supply scheme including the above (a) and the (b) stage, and a stage 
(c2), and is characterized by repeating the aforementioned cycle in order to form 
a barrier-metal film in desired thickness. 

[Claim 1 1] A1 and A2 are the manufacture method of a barrier-metal film of 
having used the atomic-layer vacuum evaporationo method according to claim 1 
characterized by being the same as that of A3 and A4, respectively. 
[Claim 12] It is the manufacture method of a barrier-metal film of B3 being later 
. than B-2, and having used the atomic-layer vacuum evaporationo method 
characterized by B5 being later than B4 although it is ** characterized by 
providing the following, (a) The stage where B-2 time carries out the pulsing of 
the 1st source gas from B1 point in time all over the semiconductor substrate by 
which loading was carried out to the chamber of atomic-layer vacuum 
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evaporationo equipment, (b) The stage which B4 time carries out the pulsing of 
the aforementioned 1st source gas and the 2nd source gas which reacts from B3 
point in time all over the aforementioned semiconductor substrate, and forms the 
barrier-metal film of predetermined thickness, (c) The stage where B6 time 
carries out the pulsing of the impurity removal gas from B5 point in time all over 
the aforementioned semiconductor substrate in order to remove the impurity 
contained in the aforementioned barrier-metal film. 

[Claim 13] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 12 characterized 
by it being earlier than B1 all over the aforementioned semiconductor substrate, 
or passing purge gas from from when the same. 

[Claim 14] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 12 characterized 
by it being later [ than B1 ] earlier than B-2 all over the aforementioned 
semiconductor substrate, or passing purge gas from from when the same. 
[Claim 15] For the aforementioned 2nd source gas, the aforementioned 1st 
source gas is the manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 12 characterized 
by including nitrogen, including a halogen group element and the metallic 
element of a high-melting point. 

[Claim 16] The manufacture method of a barrier-metal film of having used the 
atomic-layer vacuum evaporationo method according to claim 12 which makes 1 
cycle a series of gas supply schemes including the aforementioned (a) stage or 
the (c) stage, and is characterized by repeating the aforementioned cycle in order 
to form a barrier-metal film in desired thickness. 

[Claim 17] The aforementioned impurity removal gas is the manufacture method 
of a barrier-metal film of having used the atomic-layer vacuum evaporationo 
method according to claim 12 characterized by being NH3 gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the 
manufacture method of a semiconductor device, and relates to the manufacture 
method of a barrier-metal film of having used the atomic-layer vacuum 
evaporationo method in detail. 
[0002] 

[Description of the Prior Art] In manufacture of a semiconductor device, the 
matter film which adjoins in order to suppress the counter diffusion and the 
chemical reaction between the matter films which adjoin mutually is not 
contacted directly, and barrier-metal films (a TiN film, a TaN film, WN film, etc.) 
may be indirectly contacted as a medium. For example, it comes to make a 
barrier-metal film usually intervene between the lower electrode of a capacitor, 
and a contact plug in manufacture of a semiconductor memory element with 
COB (Capacitor Over Bitline) structure between the insulator layers of a 
capacitor dielectric film, the up inter-electrode one of a capacitor and an electric 
conduction line, beer contact between the insulator layers of the circumference, 
and its circumference etc. 

[0003] However, when the surface topology (topology) of the vacuum 
evaporationo-ed front face (a barrier-metal film means the matter film front face 
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by which vacuum evaporationo is carried out) where the vacuum evaporationo of 
the barrier-metal film is carried out increases beyond a limitation and 
manufactures a barrier-metal film by the physical vacuum evaporationo method 
like the sputtering method as the degree of integration of a semiconductor device 
increases recently, there is a trouble that the level difference application nature of 
a barrier-metal film becomes low. Therefore, in order for surface topology to form 
a barrier-metal film in a large vacuum evaporationo-ed front face, it comes to 
need the process excellent in level difference application nature. Thereby, the 
manufacturing process of the barrier-metal film (henceforth a "CVD-barrier-metal 
film") by the chemistry gaseous-phase vacuum evaporationo (CVD) method was 
proposed. 

[0004] The manufacturing process of a CVD-barrier-metal film uses the precursor 
with which a halogen group element usually like CI as metal source gas was 
contained. While the manufacturing process of the aforementioned CVD-barrier- 
metal film has the advantage which can carry out the vacuum evaporationo of the 
barrier-metal film early, out of a barrier-metal film, the halogen group element 
contained in the precursive inside of the body escapes from it, and does not 
come out at all, but it has the demerit which remains in a film as an impurity. 
Thus, since the halogen group element which comes to remain as an impurity in 
a barrier-metal film causes the corrosion of a contiguity matter film (for example, 
electric conduction line which consists of aluminum), it may make the specific 
resistance of the barrier-metal film itself increase. Therefore, although it is 
required that the content of the halogen group element which remains in a 
barrier-metal film should be reduced, and the specific resistance of the barrier- 
metal film itself should be lowered, the manufacturing process of a CVD-barrier- 
metal film must carry out at temperature high for that. For example, in order to 
obtain the specific resistance below 200micro ohm-cm in the manufacturing 
process of the CVD-barrier-metal film which uses TiCI4 as metal source gas, the 
vacuum evaporationo temperature of 675 degrees C of minimum is needed. 
However, if it comes to manufacture a barrier-metal film at the high vacuum 
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evaporationo temperature of 600 degrees C or more, the thermal budget 
(thermalbudget) of the ground layer formed in the bottom of a barrier-metal film 
will become large, and it will come to be accompanied by subordinate troubles, 
like thermal stress arises. Especially the manufacturing process of the CVD- 
barrier-metal film performed at low temperature since the vacuum evaporationo 
temperature of 500 degrees C or less is required in order to apply a CVD-barrier- 
metal film to Si contact or beer contact is indispensable. Although there is the 
method of adding MH (methyl hydrazine) further in metal source gas as low- 
temperature-evaporation technology which uses metal source gas like TiCI4, 
there is demerit from which the level difference application nature of a barrier- 
metal film falls in this case. 

[0005] Thus, there is a manufacturing process of the MOCVD-barrier-metal film 
with which the precursor of organic-metal systems, such as TDEAT (tetrakis 
diethyl amino Ti) and TDMAT (tetrakis dimethylamino Ti), is used by law on the 
other hand in order to solve the problem of the manufacturing process of a CVD- 
barrier-metal film which uses metal source gas like TiCI4 as a precursor. The 
manufacturing process of the aforementioned MOCVD-barrier-metal film has the 
advantage in which it is possible to perform a process at low temperature from 
the manufacturing process of a CVD-barrier-metal film, without generating the 
trouble by CI. However, carbon is enclosed so much as an impurity in the film, 
and a MOCVD-barrier-metal film shows high specific resistance, and has the 
demerit in which level difference application nature is poorer than the barrier- 
metal film manufactured as a precursor using metal source gas like TiCI4. 
[0006] As other methods for solving the problem of the manufacturing process of 
a CVD-barrier-metal film which uses metal source gas like TiCI4 for a precursor, 
after forming a barrier-metal film, there is the method of carrying out Flushing of 
the whole surface of a semiconductor substrate by impurity removal gas. 
However, the flow rate of the impurity removal gas which carries out Flushing by 
this method has the demerit on which a long time starts controlling process 
conditions, such as a pressure in a chamber, since it is a-ten number or 
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hundreds times, and whole process time is extended from the flow rate of the 
reactant gas used into a CVD process. 

[0007] On the other hand, as other methods for conquering the trouble by CI, the 
formation method of the barrier-metal film by the atomic-layer vacuum 
evaporationo method (ALD) is tried. However, when an evaporation rate is not 
much slow for applying to the manufacturing process of the semiconductor 
device as which mass production method is required since only chemical 
adsorption is used as a vacuum evaporationo mechanism while it has the 
advantage in which process advance is possible, at low temperature, although 
the formation method of the barrier-metal film by the conventional ALD method 
reduces the content of CI from the CVD method, **** has demerit, although a film 
evaporation rate probably changes with process conditions when forming for 
example, a TiN film by the chemistry gaseous-phase vacuum evaporationo 
method -- 100A of divisors, and min - it is when it receives and forms by the 
conventional ALD method, the film evaporation rate has the demerit [ evaporation 
rate / film ] of being relative very late, compared with under 1 00A / min, and the 
chemistry gaseous-phase vacuum evaporationo method 
[0008] 

[Problem(s) to be Solved by the Invention] The technical technical problem in 
which this invention tends to succeed is offering the barrier-metal film 
manufacture method of having used the ALD method which can raise a film 
evaporation rate conventionally. 

[0009] Other technical technical problems in which this invention tends to 
succeed are offering the barrier-metal film manufacture method of having used 
the ALD method by which an impurity's is conventionally enclosed few in a film. 
[0010] Other technical technical problems in which this invention tends to 
succeed are offering the barrier-metal film manufacture method of it not only 
being able to raising a film evaporation rate conventionally, but having used the 
ALD method by which an impurity's is enclosed few in a film. 
[0011] 
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[Means for Solving the Problem] The barrier-metal film manufacture method of 
having used the ALD method by this invention for attaining the aforementioned 
technical technical problem (a) The stage where A2 time carries out the pulsing 
of the 1 st source gas from A1 point in time all over the semiconductor substrate 
by which loading was carried out to the chamber of atomic-layer vacuum 
evaporationo equipment, And A4 time carries out the pulsing of the 1st source 
gas of (b) above, and the 2nd source gas which reacts from A3 point in time all 
over the aforementioned semiconductor substrate, and although the stage which 
forms the barrier-metal film of predetermined thickness is included, A3 is 
characterized by it being later than A1 or being the same, and being earlier than 
A2 or being the same. 

[0012] The above A4 is slower than A2, or is desirable. [ of the same thing ] 
[0013] It is earlier than A1 all over the aforementioned semiconductor substrate, 
or when the same, purge gas can be passed from from. 
[0014] All over the aforementioned semiconductor substrate, it is later than A1 
and is earlier than A3, or when the same, purge gas can be passed from from. 
[0015] The stage which carries out the pulsing of the impurity removal gas can be 
included further, passing purge gas all over the (c) predetermined-time 
aforementioned semiconductor substrate after the aforementioned 2nd source 
gas pulsing stage. 

[0016] In order to form the aforementioned barrier-metal film in desired thickness, 
the aforementioned cycle can be repeated by making a series of gas supply 
schemes including the aforementioned (a) stage or the (c) stage into 1 cycle. 
[0017] The aforementioned impurity removal gas is ammonia gas, and it deals in 
it. 

[0018] In the aforementioned 1st source gas, the aforementioned 2nd source gas 
can contain a nitrogen element including a halogen group element and the 
metallic element of a high-melting point. The aforementioned purge gas is inert 
gas like argon gas, and it deals in it. 

[0019] the [ the above 1st and ] - it is mutually the same at the pulsing start [ of 2 
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source gas ], and pulsing end time, and deals in it If it puts in another way, A1 
and A2 will be the same as that of A3 and A4 respectively, and it will deal in them. 
[0020] The barrier-metal film manufacture method of having used the atomic- 
layer vacuum evaporationo method by this invention for attaining a technical 
technical problem besides the above (a) The stage where B-2 time carries out 
the pulsing of the 1st source gas from B1 point in time all over the semiconductor 
substrate by which loading was carried out to the chamber of atomic-layer 
vacuum evaporationo equipment, (b) B4 time carries out the pulsing of the 
aforementioned 1st source gas and the 2nd source gas which reacts from B3 
point in time all over the aforementioned semiconductor substrate. Although the 
stage where B6 time carries out the pulsing of the impurity removal gas from B5 
point in time all over the aforementioned semiconductor substrate is included in 
order to remove the stage which forms the barrier-metal film of predetermined 
thickness, and the jmpurity contained in the barrier-metal film of the (c) 
aforementioned predetermined thickness B3 is later than B-2, and B5 is 
characterized by being later than B4. 

[0021] It is earlier than B1 all over the aforementioned semiconductor substrate, 

or when the same, purge gas can be passed from from. 

[0022] All over the aforementioned semiconductor substrate, it is later than B1 

and is quicker than B-2, or when the same, purge gas can be passed from from. 

[0023] 

[Embodiments of the Invention] The desirable operation gestalt about the barrier- 
metal film manufacture method of having used the ALD method by this invention 
with reference to the appended drawing hereafter is explained in detail. However, 
the operation gestalt of this invention can deform into other various forms, and it 
must not be interpreted as the range of this invention being limited to the 
operation gestalt explained below. The explanation which referred to the 
following drawings is offered in order to explain this invention to those who had 
average knowledge in the industrial related technical field more completely. 
[0024] The manufacture method of a barrier-metal film of having used the ALD 
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method by the 1st operation gestalt of the <1st operation gestalt> this invention 
carries out loading of the semiconductor substrate (not shown) to the chamber 
(not shown) of ALD equipment first. Opening which has a predetermined aspect 
ratio in the aforementioned semiconductor substrate may be formed. Electric 
conduction lines, such as a WORD line and the bit line, a contact plug, beer 
contact, a capacitor up electrode, etc. are formed in the aforementioned opening 
at a consecutiveness process, a scheme which is illustrated by drawing 1 after 
loading of the semiconductor substrate is carried out - the [ the 1st and ] - 2 
source gas and purge gas are supplied in a chamber 

[0025] On the other hand, a barrier-metal film consists of a compound more than 
the 2 yuan system which usually contains a refractory metal and nitrogen. As a 
typical example of such a barrier-metal film, a TiN film is formed as a barrier- 
metal film with the 1st operation gestalt described below the place which can 
mention TiN. 

[0026] The pulsing of the 1st source gas is carried out A2 time continuing and 
passing purge gas all over a semiconductor substrate from A1 point in time first, 
if drawing 1 is referred to concretely. Here, the aforementioned 1st source gas by 
which pulsing was carried out comes to be adsorbed chemically and physically 
by the surface topology of the whole surface of a semiconductor substrate. On 
the other hand, since it comes to pass purge gas all over a semiconductor 
substrate while the pulsing of the aforementioned 1st source gas is carried out, 
among the 1st source gas by which it adsorbed physically, a part is removed by 
purge gas and discharged by the chamber exterior. On the other hand, it is A1 
when passing the aforementioned purge gas in drawing 1 . However, it is earlier 
than A1 time, or since the aforementioned purge gas is continuously passed 
[ from ] when the same, it is later than A1 time, earlier than A3 time, or when the 
same, it may be passed [ from ] continuously. 

[0027] As the aforementioned 1st source gas, the gas which contains the metallic 
element (Ti) of a high-melting point among the composition elements of a barrier- 
metal film (TiN) is used. For example, TiCI4 gas is used as the aforementioned 
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1st source gas. Of course, if it can react with the 2nd source gas by which 
pulsing is carried out by consecutiveness, Ti being included besides TiCI4 gas, 
naturally any matter can be used as the aforementioned 1st source gas to those 
who had the usual knowledge in the technical field to which this invention 
belongs. For example, metal organic system gas, such as TDMAT and TDEAT, 
is used as the 1st source gas, and it gets. Inert gas like an argon as the 
aforementioned purge gas is used (below the same). 

[0028] Subsequently, the pulsing of the 1st source gas and the 2nd source gas 
which can react is carried out, A4 time passing purge gas all over a 
semiconductor substrate from A3 point in time. However, A3 is later than A1 , or it 
is the same and is the same than A2 in whether it is early, or is the same, and A4 
is later than A2 (A1 <=A3 <=A2, A2 <=A4, A1 !=A2, and A3 !=A4). If it puts in 
another way, pulsing will stop the aforementioned 2nd source gas at the same 
time it ends while ending before supply of the 1st source gas was completed at 
least or after having begun to carry out pulsing all over the semiconductor 
substrate and completing the pulsing of the 1st source gas or. After carrying out 
the pulsing of the aforementioned 2nd source gas, only purge gas is passed for 
A5 time all over a semiconductor substrate from A4 point in time, and the exterior 
of a chamber is made to discharge the by-product derived at the reaction of the 
1st source gas and the 2nd source gas. although a drawing did not illustrate 
concretely on the other hand - the case of A1=A3 and A2=A4 - the [ the 1st 
and ] ~ the pulsing of the 2 source gas is carried out simultaneously the same 
time 

[0029] As the aforementioned 2nd source gas, the gas containing the nonmetallic 
element (N) of a barrier-metal film (TiN) is used. For example, NH3 gas is used 
as the aforementioned 2nd source gas. of course - if it is what there are the 
aforementioned 1st source gas and reactivity and contains the nitrogen element 
as the aforementioned 2nd source gas besides NH3 gas - what thing - be - 
those to whom it being used and getting had the usual knowledge in the technical 
field to which this invention belongs - obvious - it is . For example, N2 can also 
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be used as the 2nd source gas. 

[0030] if the pulsing of the 2nd source gas is carried out by the above schemes, 
do the mechanism of a barrier-metal film (TIN) more than this only in ALD mode 
(it is here and only the 1st source gas by which ALD mode was adsorbed 
chemically all over a semiconductor substrate means the case where it reacts 
with the 2nd source gas) - there is nothing - coming . Because, it is for the 
pulsing of the aforementioned 2nd source gas to begin in the state where the 1st 
source gas by which it adsorbed physically all over the semiconductor substrate 
is not completely removed by purge gas. Thereby, not only the 1st source gas by 
which the 2nd source gas was chemically adsorbed ail over the semiconductor 
substrate but the 1st source gas by which it adsorbed physically comes to react. 
Therefore, the thing which it adsorbed chemically all over the semiconductor 
substrate among the 1st source gas The portion which is not removed by purge 
gas among the 1st source gas by which it came to react with the 2nd source gas 
in ALD mode, and adsorbed physically It comes to react with the 2nd source gas 
in CVD mode (here, CVD mode means the case where the 1st source gas by 
which it adsorbed physically all over the semiconductor substrate reacts with the 
2nd source gas). Consequently, when the CVD mode in which the advantage 
and evaporation rate in ALD mode which offer level difference application nature 
100% are quick is connected mutually organically, it can raise the evaporation 
rate of a barrier-metal film (TiN) from the conventional method, level difference 
application nature maintaining 100% substantially, the improvement in an 
evaporation rate of such a barrier-metal film (TiN) film raises the productivity of a 
semiconductor device - obvious -- it is . 

[0031] Since the impurity (CI) content in a film increased when the vacuum 
evaporationo of the barrier-metal film (TiN) was carried out by the process which 
advances only in CVD mode like the CVD method on the other hand, it already 
explained that an elevated-temperature process is required, the [ however, / 
while the 1st source gas and the 2nd source gas react with the 1st operation 
gestalt (at A3 point in time to the A4 time) ] - after completing the pulsing of 2 
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source gas, the impurity gas (HCI, TiClx) derived from the reaction by-product by 
the method which purges the whole surface of a semiconductor substrate by 
predetermined-time inert gas (at A4 point in time to the A5 time) is discharged to 
the chamber exterior Consequently, the problem which an impurity (CI) falls out, 
does not come out at all within the film by which vacuum evaporation© was 
carried out, and is enclosed in a film is prevented. That is, in order to usually 
reduce the content of an impurity, in spite of having connected with the 
mechanism of the ALD method the mechanism of the CVD method by which an 
elevated temperature is demanded, the low-temperature process (for example, 
for 450 degrees C or 500 degrees C) of a ALD mode level becomes possible. 
The thermal budget of the ground film which exists in the lower part of a barrier- 
metal film not only decreases by this, but induction of the mechanical stress by 
thermal stress is prevented. 

[0032] With the 1st operation gestalt, from A1 point in time to A5 time is 1 cycle 
(T1), and in order to form a barrier-metal film in desired thickness, the number of 
times of predetermined should just repeat the aforementioned cycle (T1). the 
thickness of the TiN film formed in 1 cycle at this time -- the [ the 1st and ] - it is 
adjusted by the process recipe of 2 source gas, purge gas, and impurity removal 
gas 

[0033] On the other hand, in order to prevent more clearly that an impurity (CI) is 
enclosed in a barrier-metal film (TiN) in the aforementioned 1st operation gestalt, 
the pulsing stage of impurity removal gas can be provided further. 
[0034] That is, after carrying out the pulsing of the 2nd source gas so that it may 
be illustrated by drawing 2 , where purge gas is passed all over a semiconductor 
substrate, A7 time can carry out the pulsing of the impurity removal gas from A6 
point in time, the aforementioned impurity removal gas - the [ the 1st and ] - the 
operation which reacts to the reaction time between 2 source gas with the 
impurity enclosed in the barrier-metal film (for example, reduction reaction), and 
makes it discharge outside is carried out And 10A or about 20A, and since the 
thickness of the barrier-metal film formed passing through A4 time from A1 time 
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is very thin, impurity removal gas may spread easily in a film, and the reaction of 
an impurity and impurity removal gas is easy for it. Therefore, after completing 
manufacture of a barrier-metal film, it becomes possible to remove an impurity 
(CI) compared with the conventional method that Flushing of impurity removal 
gas removes an impurity, by the barrier-metal film formed at least by the 1 cycle 
(T1) relative very small flow rate. Thus, if the pulsing stage of impurity removal 
gas is further included in the 1st operation gestalt, the impurity content in a 
barrier-metal film can be decreased further. 

[0035] NH3 gas is used as the aforementioned impurity removal gas. In such a 
case, since the matter kind of the aforementioned 2nd source gas and impurity 
removal gas is the same, it is not necessary to add the gas supply line for 
impurity removal gas supply to the chamber of atomic-layer vacuum 
evaporationo equipment, and to install it. Namely, the pulsing of impurity removal 
gas adds A7 time from A6 point in time, and should just carry out the pulsing 
(refer to I) of the 2nd source gas further at once, of course -- the case where 
matter other than NH3 gas is used as impurity removal gas - the [ the 1st and ] - 
the line of a gas supply line being required which supplies 2 source gas is natural 
separately NH3 by which pulsing was carried out as impurity removal gas all over 
the semiconductor substrate reacts like the impurity (CI) which was spread by the 
barrier-metal film formed passing through A4 time from A1 time, and was 
contained in the film, and the following chemical formula, and makes an impurity 
(CI) discharge out of a barrier-metal film in the form of gas (HCI). 
[0036] TiNxCly(S)+NH3(g) ->TiN(s)+HCI (g) 

The aforementioned impurity removal gas is not limited only to NH3 gas, but if it 
is the matter which reacts with an impurity (CI) and can form a gas-like 
compound, anythings will be used as the aforementioned impurity removal gas, 
and they will deal in it. When matter other than NH3 is used as impurity removal 
gas, naturally the impurity (CI) contained in the barrier-metal film by different 
mechanism from what was shown with the aforementioned chemical formula is 
removed. 
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[0037] The 2nd operation gestalt by the <2nd operation gestalt> this invention 
offers the technical means which can decrease the content of an impurity further 
from the barrier-metal film manufacture method of having used the conventional 
ALD method. Uniting, the aforementioned 2nd operation gestalt also offers the 
technical means which it not only can decrease the content of an impurity, but 
can raise the evaporation rate of a barrier-metal film. The 2nd operation gestalt is 
related when forming a TiN film as a barrier-metal film like the aforementioned 
1st operation gestalt. 

[0038] If drawing 3 is referred to, the 2nd operation gestalt by this invention will 
carry out loading of the semiconductor substrate (not shown) to the chamber (not 
shown) of atomic-layer vacuum evaporationo equipment first like the 
aforementioned 1st operation gestalt. And the pulsing of the 1st source gas is 
carried out, B-2 time passing purge gas all over the aforementioned 
semiconductor substrate from B1 point in time. Then, the surface topology of the 
whole surface of a semiconductor substrate adsorbs chemically [ the 1st source 
gas ] and physically. The time of passing purge gas is illustrated by drawing 3 
with B1 . However, when the same, it can also pass [ from ], it is earlier than B1 , 
or it is [ purge gas is later than B1 , ] earlier than B-2, or when the same, it may be 
passed [ from ]. Subsequently, the 1st source gas by which B3 time passes only 
purge gas all over a semiconductor substrate from B-2 point in time, and it is 
physically adsorbed to it is removed. The pulsing of the 2nd source gas is carried 
out B4 time passing purge gas all over a semiconductor substrate from B3 point 
in time, after doing so. The exterior of a chamber is made to discharge the by- 
product which passed only purge gas from B4 time all over the semiconductor 
substrate till B5 point in time to the degree, and was generated at the reaction of 
the 1st source gas and the 2nd source gas in it. Subsequently, the pulsing of the 
impurity removal gas is carried out, B6 time passing purge gas all over a 
semiconductor substrate from B5 point in time. Thus, if the pulsing of the impurity 
removal gas is carried out, an impurity will be removed from the barrier-metal film 
formed by the gas supply scheme of B1 point in time to B4 time. Then, the by- 
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product which passed purge gas from B6 time all over the semiconductor 
substrate till B7 point in time, and was induced at the reaction of impurity removal 
gas and an impurity is discharged to the exterior of a chamber. Thus, the 1st 
operation gestalt already explained the mechanism by which an impurity is 
removed from a barrier-metal film by carrying out the pulsing of the impurity 
removal gas. Here, the matter which can be used as the 1st source gas, the 2nd 
source gas, and impurity removal gas is substantially [ as the case of the 
aforementioned 1st operation gestalt ] the same. 

[0039] On the other hand, when the matter kind of the aforementioned 2nd 
source gas and impurity removal gas is the same, it is not necessary like the 1st 
operation gestalt to add the gas supply line for impurity removal gas supply to the 
chamber of atomic-layer vacuum evaporation© equipment, and to install it. 
Namely, the pulsing of impurity removal gas adds B6 time from B5 point in time, 
and should just carry out the pulsing (refer to II) of the 2nd source gas once 
again, of course - the case where matter other than NH3 gas is used as impurity 
removal gas - the [ the 1st and ] - a gas supply line is separately [ the line which 
supplies 2 source gas ] required it is natural 

[0040] What is necessary is in the case of the 2nd operation gestalt by this 
invention, for from B1 point in time to B7 time to be 1 cycle (T2), and just to 
repeat the aforementioned cycle (T2), in order to form a barrier-metal film in 
desired thickness. Since this operation gestalt adds and carries out the pulsing of 
the impurity removal gas after carrying out the pulsing of the 2nd source gas, the 
impurity content in a barrier-metal film can be further decreased from before. 
[0041] On the other hand, if the process recipe to the pulsing of the 1st source 
gas and the 2nd source gas is usually adjusted even if it sets aside the impurity 
content in a barrier-metal film, it can adjust the evaporation rate of a barrier-metal 
film. For example, if the supply flow rate of the 1st source gas and the 2nd 
source gas is adjusted with a predetermined method, the evaporation rate of a 
barrier-metal film can be made to increase. By the way, since the impurity 
content in a barrier-metal film increases in such a case, a limitation is to change 
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the pulsing recipe of the 1st source gas and the 2nd source gas in the direction 
which raises a film evaporation rate. However, with this operation gestalt, since 
impurity removal gas is added and it comes to carry out pulsing even though it 
makes the impurity content in a barrier-metal film increase by adjusting the 
process recipe to the pulsing of the 1st source gas and the 2nd source gas, in 
order to raise a film evaporation rate even if, it becomes possible to raise the 
evaporation rate of a barrier-metal film, without making the content of an impurity 
increase, if it puts in another way -- the [ the 1st and ] - the regulation flexibility of 
the pulsing recipe of 2 source gas increases 

[0042] the above - the [ of this invention / the 1st and ] - the case where the 
technical thought of 2 yuan by 2 operation gestalten was applied to manufacture 
of TiN of the barrier-metal film of a system was explained in detail However, the 
barrier-metal film with which this invention is applied is not limited only to a TiN 
film. For example, this invention is applicable to other manufactures of the 
barrier-metal film of a 2 yuan system of a TaN film, WN film, an AIN film, a CrN 
film, BN film, etc. thus, those to whom kind selection of the gas used as the 1st 
source gas, the 2nd source gas, and impurity removal gas had the usual 
knowledge in the technical field to which this invention belongs when this 
invention was applied to the barrier-metal film manufacture of those other than a 
TiN film -- obvious - it is . 

[0043] For example, when forming an AIN film as a barrier-metal film, AlClx, NH3, 
and NH3 gas can be used, respectively as the 1st source gas, the 2nd source 
gas, and impurity removal gas. of course, those to whom it had the usual 
knowledge that the 1st source gas, the 2nd source gas, and impurity removal gas 
are not limited to this in the technical field to which this invention belongs - 
obvious - it is . 

[0044] Furthermore, this invention can be applied also to the barrier-metal film 
manufacture more than a 3 yuan system, without limiting the application field of 2 
yuan only to manufacture of the barrier-metal film of a system. For example, this 
invention is applicable also to manufacture of a TiBN film, a TaBN film, a TiAIN 
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film, a TaAIN film, a TiSiN film, a TaSiN film, a TiCN film, WBN, etc. 
[0045] for example, the state where purge gas was passed all over the 
semiconductor substrate when a TiAIN film was formed as a barrier-metal film 
and the aforementioned 1st operation gestalt was applied - the [ the 1st source 
gas (for example, TiCI4), the 2nd source gas (for example, TMA (TriMethyl 
Aluminum)), and ] - the pulsing of the 3 source gas (for example, NH3) can be 
carried out by the following schemes C2 time assumes the following and 1st 
source gas to be that to which the 2nd source gas was carried out from C3 point 
in time to C4 time, and the pulsing of the 3rd source gas was carried out from C5 
point in time to C6 time from C1 point in time. 

[0046] 1 cycle is constituted, the 1st - scheme C1 <=C3 <=C2 and C1 <=C5 
<=C2 - the 2nd - scheme C1 <=C3 <=C2 and C3 <=C5 <=C4 -- the above 
schemes - the [ the 1st or ], if predetermined-time purge gas is passed all over a 
semiconductor substrate after carrying out the pulsing of the 3 source gas In 
order to form a barrier-metal film (TiAIN film) in desired film thickness, the 
aforementioned cycle is carried out repeatedly [ number-of-times of 
predetermined ]. Thus, since ALD mode and CVD mode will be connected like 
the 1st operation gestalt if the pulsing of the source gas is carried out by the 
above 1st and the 2nd scheme, a film evaporation rate can be raised 
conventionally. Furthermore, since purge gas is continued all over a 
semiconductor substrate and it comes to pass it while the pulsing of the source 
gas is carried out, in spite of connecting CVD mode, it becomes possible to 
maintain the impurity content in a barrier-metal film below to the fixed level also 
at the low temperature of a ALD process level. It unites, and after not finding the 
1st like the aforementioned 1st operation gestalt and carrying out the pulsing of 
the 3rd source gas, the pulsing of the impurity removal gas may be added and 
carried out. In such a case, the impurity content in a barrier-metal film can be 
further decreased now. 

[0047] On the other hand, since application of the aforementioned 2nd operation 
gestalt is natural to those who had the usual knowledge in the technical field to 
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which this invention belongs when forming a TiAIN film as a barrier-metal film, 

the detailed explanation about this is omitted. 

[0048] 

[Effect of the Invention] Since according to the unilateral side of this invention 
ALD mode and CVD mode are combined and a barrier-metal film is formed, a 
film evaporation rate can be made to increase from the case where a barrier- 
metal film is formed only in ALD mode. And since purge gas was continued and 
passed all over the semiconductor substrate during process advance, in spite of 
having connected the mechanism of the CVD method at the mechanism and low 
temperature of the ALD method, it is eased that an impurity is enclosed in a film. 
[0049] Though a barrier-metal film is formed only in ALD mode, since according 
to other sides of this invention impurity removal gas is added and it comes to 
carry out pulsing, the flexibility which can be changed in the increase direction of 
a film evaporation rate increases the process recipe to the pulsing of source gas. 
If it puts in another way, the increase in a content of the impurity in the film with 
which the change of a process recipe to the pulsing of source gas is also hung 
down will be eased by the additional pulsing of impurity removal gas. Thereby, 
even though a barrier-metal film forms only in ALD mode, it becomes possible to 
raise the evaporation rate of a barrier-metal film, where the increase in a content 
of an impurity is intercepted. 

[0050] The above referred to the drawing and explained the desirable operation 
gestalt over this invention in detail. However, this invention is not limited to this 
but the deformation and improvement are possible for it in the usual knowledge 
of a field for the time being within the limits of the technical thought of this 
invention. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a graph illustrating the gas supply scheme in the barrier-metal 
film manufacture method of having used the atomic-layer vacuum evaporationo 
method by the 1st operation gestalt of this invention. 

[Drawing 2] It is a graph illustrating other gas supply schemes in the barrier-metal 
film manufacture method of having used the atomic-layer vacuum evaporationo 
method by the 1st operation gestalt of this invention. 

[Drawing 3] It is a graph illustrating the gas supply scheme in the barrier-metal 
film manufacture method of having used the atomic-layer vacuum evaporationo 
method by the 2nd operation gestalt of this invention. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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